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In Medawar's classical analysis  (1)  homograft rejection is based on delayed, 
cellular immune mechanisms. The evidence favoring this hypothesis has been 
summarized in several excellent reviews (2, 3). In the past few years, however, 
considerable  evidence  has  appeared  suggesting  the  importance  of  humoral 
elements  in the homograft reaction  (4-9).  In an attempt  to further  separate 
and clarify the relative significance of these two components it appeared  that 
the placenta,  in its capacity as a  "filter,"  would be an eminently satisfactory 
experimental  tool. It is known that the placenta allows the passage of humoral 
antibodies to the fetus in the rabbit  (10), but that it does not transmit hyper- 
sensitivity of the delayed type  (11).  Thus, if the pregnant animal were sensi- 
tized to a  certain  donor, its offspring would  constitute a  suitable  test  system 
in which to evaluate  the  contribution  of humoral  factors to  the  rejection  of 
homografts from that donor.  It is  the purpose  of this  report  to describe  the 
results of studies of homograft rejection in such a  system. 
Methods 
New Zealand white--Californla rabbit crosses weighing 2 to 3 kg were used throughout these 
experiments, and were bred  to males obtained  from outside the colony. Heterogeneity  was 
established by consistent rejection of skin homografts between mothers as well as offspring. 
Exchange of grafts between litter  mates was avoided. 
Full thickness skin grafts, measuring 1 X  1 cm, were taken  from the posterior surface of 
the ear, care being taken to preserve the delicate vascular network  over the cartilage. This 
was facilitated by the use of local infiltration anesthesia (lidocaine, 0.5 per cent) which helped 
to establish and maintain the proper plane of dissection. The grafts were sutured in place with 
continuous 0000 silk sutures.  Survival time was judged by sloughing of the epidermis. When 
one-half of the graft was denuded and no further blanching occurred with pressure, rejection 
was considered to have occurred. Photographs and biopsies were taken periodically to docu- 
ment these events. 
Skin hom0grafts obtained from unrelated does were placed on the ears of pregnant rabbits 
5 and 25 days after mating. All infants were grafted 3 weeks post #artum. One-half of each lit- 
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ter received skin grafts from the donor to which the mother had been sensitized, the other half 
from an unrelated doe. Forty-four young rabbits were studied in this fashion. 
RESULTS 
Survival  of Skin  Homografts  on  Pregnant Does.--First  set  grafts  on  these 
animals survived an average of 14.6  days, the range being 11  to  18 days, the 
standard  deviation 2.05 days. Mean survival time of allogenic grafts to non- 
pregnant  rabbits  was  9.7  ±  1.77  days.  The  histologic  patterns  of  delayed 
rejection  by pregnant  animals  were  indistinguishable  from  rejection  in  the 
non-pregnant rabbit.  Of the six second set grafts placed, two showed a  frank 
TABLE  I 
Sumival of Skin ttomografls to Offspring of Mothers Sensitized to the Skin Donor 
Group 
El, Grafts to offspring  of once grafted mothers 
E2,  Grafts  to  offspring of  twice grafted 
mothers 
C,  Controls: different donors to mother and 
to child 
Grafts to offspring of ungrafted mothers 
No. of ex- 
periments 
6 
16 
22 
10 
p values for El-C, E2-C, and Ex-E~ are all less than 
* ~tST, mean survival time. 
MST* 
days 
11.2 
7.5 
17.3 
16.4 
~.01. 
Range 
days 
10-14 
5-10 
14-20 
14-19 
SD 
days 
1.35 
1.32 
1.93 
1.72 
white graft reaction; i.e., no vascularization or attempts at healing. The other 
four grafts demonstrated  second  set rejections,  typical of non-pregnant  rab- 
bits. These occurred between 5  and  7 days, the mean survival time being 5.7 
days. 
Homografts  to the Offspring  of Sensitized Does.--Six infants,  whose mothers 
were  sensitized  by single  skin homografts on  the  5th  day of gestation  were 
studied. Using the same donor's skin these litters had an average graft survival 
time  of  11.2  days  (range  10  to  14  days,  standard  deviation  1.35  days). 
(Table I.) 
Sixteen offspring of hypersensitized mothers which had received two sets of 
homografts from the same donor were then similarly studied.  Grafts in these 
animals survived an average of 7.5 days (range 5 to 10 days, standard deviation 
1.32  days). No white graft reactions were observed in either  of these groups. 
Controls.--Twenty-two litter  mates  receiving skin  homografts from donors 
unrelated to the animal to which the mother had been sensitized were studied 
as controls. The mean graft survival time in this group was 17.3  days  (range 
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the control studies between the offspring of the mothers grafted once and those 
grafted twice (mean survival time 17.0 and  17.4 days, respectively). Ten off- 
spring  of ungrafted  mothers rejected skin homografts  at  16.4  4-  1.72 days. 
Gross and histologic patterns of rejection in all the infants were of the first 
set type, with pyroninophilic cell infiltration,  necrosis, separation, and minimal 
vascular changes. 
DISCUSSION 
The  present  study supports  the  findings  of Heslop,  Krohn,  and  Sparrow 
(12), and of Valone (13) in demonstrating prolongation of homograft survival 
in the pregnant animal.  In contrast to the findings of the former investigators, 
this partial  tolerance was present even early in the course of pregnancy.  It 
is of interest also that the second set grafts were rejected in an entirely normal 
fashion,  unaltered  by  the  bearer's  pregnancy. 
The existence of post partum adaptive and null periods in the rabbit has been 
questioned by Porter (14) and by Najarian and Dixon (15). Smith and Bridges 
(16), on the other hand demonstrated the presence of a definite adaptive phase. 
The delayed rejection found in our study at 3 weeks of age, also argues for the 
presence of a degree of immunologic  immaturity at birth, in the strain used. 
It has long been known that heterografts  (17)  and lymphatic homografts 
(18)  could be  rejected by non-cellular  immune  systems.  Only  recently  has 
evidence come to light suggesting  the significance of humoral immunity in the 
rejection of other homotransplants. 
Najarian  and  Feldman  (8),  and  Kretschmer and  P~rez~Tamayo  (5),  have 
shown that a  tolerant animal can be made to reject a homograft if it is pro- 
vided with sensitized  cells within a micropore chamber. Since these cells can 
have  no access to  the  transplant,  their  effect must  be on  a  humoral  level. 
Najarian  (19) has marked sensitized  lymphocytes with tritium.  On studying 
the bed and the draining lymph nodes of homografts undergoing rejection he 
was unable to demonstrate the presence of the tagged, sensitized  cells. Mannick 
and Egdahl (6) have shown that RNA from sensitized  lymphocytes will trans- 
form inert lymphocytes to an immune state. Batchelor, Boyse, and Corer (20) 
have  shown  that  ineffective  doses  of  sensitized  lymphocytes  reject  tumor 
homografts when combined with small  (enhancing)  doses of antibody. Thus 
humoral  processes appear to be implicated in many ways. 
The present study has provided a simple system to test this inference.  The 
pregnant  doe produces both  cellular  and  humoral  antibody.  Transplacental 
passage of the latter is a  well established fact (10). Delayed hypersensitivity 
does not pass the placental barrier.  Maternal BCG vaccination, for instance, 
does not  produce  tuberculin  sensitivity in  the  offspring  (11).  The  uniform 
rejection of maternal skin grafts by the offspring  (1) strongly suggests that the 
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and/or establish tolerance.  It is highly unlikely that antigen from the mother's 
graft passes the placental barrier. Even if it did, however, with the embryo in 
its adaptive phase at 5 days of age, the result should be tolerance rather than 
accelerated homograft rejection. Therefore, it would appear that the sensitized 
mother  transmits  certain  circulating,  antibody-like  substances  to  the  fetus 
in utero. These enable the infant, after it has gained immunologic  competence, 
but before it has lost the passively transmitted maternal  antibodies, to show 
accelerated rejection. The sensitization is specific, affecting only grafts obtained 
from the donor of the skin used to sensitize  the mother. 
One  deeply  puzzling  problem  remains  however.  The  presence  of  specific 
humorat antibodies in the recipient has long been known to produce temporary 
tolerance (21, 22). Why is accelerated rejection seen in these offspring of sen- 
sitized mothers instead  of enhancement?  A few types of humoral  antibodies 
are rarely or never transmitted to the fetus. ABO isoagglutinins,  complete Rh 
antibodies, and immediate reacting antibodies to atopic antigens fall into this 
group. It is possible that the portion of the antibody complex responsible  for 
enhancement is similarly  not transmitted,  while cytotoxic, hemagglutinating, 
and other substances are. The prolonged intimate contact across a hemochorial 
placenta suggests another, more likely explanation.  The circumstances can be 
considered  analogous  to  those  seen  with  an  implanted  micropore  chamber. 
Much as in the latter, cell-fixed sessile antibody (which appears to be ultimately 
responsible for homograft rejection) might well be exchanged between lympho- 
cytes of mother and fetus. Thus, without the actual transfer of cells, a type of 
cellular  immunity  could be induced in  the  offspring.  The  demonstration  by 
Lanman a  al.  (23),  that mothers sensitized  to their implanted fetuses do not 
reject them,  does not eliminate  this  possibility. It  is  unlikely  that  lympho- 
cytes would accept  (adsorb)  sessile  antibody directed  against  themselves. 
Finally,  the difference  between the offspring  of mothers with single  grafts 
and those with two grafts should be emphasized.  The latter infants of hyper- 
sensitized mothers rejected the homograft significantly  faster than those with 
less  complete sensitization.  Once  again,  one could account for such a  differ- 
ence in terms of the transmission of antibody, in this instance quantitatively 
influenced  by the maternal titer. 
s~RY  Am~ CONCLUSIONS 
Pregnant rabbits were sensitized  to unrelated does by skin transplantation. 
The offspring of these sensitized  animals  rejected skin from the same donor in 
a markedly accelerated fashion.  The transplacental  passage of agents respon- 
sible for homograft rejection is therefore suggested.  Since accelerated rejection 
rather  than  enhancement  occurred, more than  the usual humoral  antibodies 
must have been thus transmitted. The presence of another antibody-like sub- 
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phocytes, but transmissible without these  cells  under special  cirolmstances, 
such as occur in micropore chambers or hemochorial placentae. These allow the 
prolonged  dose  contact  of  sensitized  and  non-sensitized  lymphocytes,  and 
thus may permit the transfer of this, usually sessile, but apparently non-fixed 
antibody. 
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